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(57)Abstract: 

PROBLEM TO BE SOLVED: To increase magnetization, and hence ensure a hard magnetic thin film and an 
exchange spring magnet both being excellent in performance and both having a maximum energy product, 
by exchangeably coupling a hard magnetic layer and a soft magnetic layer, and forming a laminate film 
where there are alternately laminated a specific range thickness hard magnetic layer and a specific range 
soft magnetic layer. 

SOLUTION: There are exchangeably coupled a hard magnetic layer which uses as a main structure of any 
one of crystal structures of the types of CaCu5, TbCu7, Gd2Co7, or Ce2Ni7, ThMn12, Th2Zn17 or Th2Ni17, 
or a composite thereof and a soft magnetic layer using a soft magnetic material where the magnitude of 
magnetization is 1.3T at- room temperature, and hereby a laminate film is ensured where a 1nm to 700nm 
hard magnetic layer and a 1nm to 700nm thick soft magnetic layer are alternately laminated. As a result, 
there are ensured a hard magnetic thin film and an exchange spring magnet which are excellent in 
performance and which has greater magnetization and a maximum energy product. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A hard magnetism thin film characterized by being the cascade screen to which a hard magnetism 
layer and a soft magnetism layer became from a composite construction which carried out switched 
connection, and the laminating of a hard magnetism layer with a thickness of 1nm - 700nm and the soft 
magnetism layer with a thickness of 1nm - 700nm was carried out by turns. 

[Claim 2] a hard magnetism layer — RaTMbNMcADdXe (inside of rare earth elements with which R 
contains Y — at least — a kind and TM — inside of Fe, Co, and nickel — at least — a kind — ) A kind and 
X of a kind and AD at least are kinds at least among boron, carbon, or nitrogen inside among aluminum, Zn, 
Cu. Ga, germanium, Zr, Nb, Sn, Sb, Hf, and Ta. NM — Si, Ti, V, Gr, Mo, W, and ** — 5 <=a<=18at% and 65 
<=b<=85at% and 0 <=c<=20at% and 0 <=d<=8at% and 0 <=e<=15at% — a hard magnetism thin film according 
to claim 1 which has a presentation. 

[Claim 3] A hard magnetism thin film according to claim 1 or 2 with which a hard magnetism layer has a 
presentation of RaTMbNMcADdXe, and makes main structure any of CaCuS mold, TbCu7 mold, Gd2Co7 
mold or Ce2nickel7 mold, ThMn12 mold, Th2Zn17 mold, or the Th2nickel17 mold crystal structure, one, or 
these complex. 

[Claim 4] A hard magnetism thin film given in claim 1 thru/or any of 3 they are. [ whose magnitude of 
magnetization of a soft magnetism layer is more than 1.3T in a room temperature ] 

[Claim 5] A hard magnetism thin film given in claim 1 thru/or any of 4 they are. [ which has a protective 
coat which consists of M layers on the surface of a cascade screen ] 

[Claim 6] An exchange spring magnet characterized by a hard magnetism layer with a thickness of 1nm - 
700nm and a soft magnetism layer with a thickness of 1nm - 700nm consisting of a cascade screen by 
which the laminating was carried out by turns. 

[Claim 7] A hard magnetism thin film according to claim 6 which has a protective coat which consists of M 
layers on the surface of a cascade screen. 

[Claim 8] A manufacture method of an exchange spring magnet characterized by heat-treating at 
temperature of 773K (500 degrees C)-1073K (800 degrees C) at substrate temperature below 773K (500 
degrees C) on a substrate after forming a soft magnetism layer and at least one or more layers of hard 
magnetism layers. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the thin film magnet, the R-TM-B 
system exchange spring magnet, and its manufacture method of the multilayer structure to which the 
laminating of the R-TM-B system hard magnetism layer applied to a small motor, a magnetometric sensor, 
an actuator, etc. and the soft magnetism layer was carried out. 
[0002] 

[Description of the Prior Art] High performance-ization of a permanent magnet material is advanced 
corresponding to small and lightweight-izing of an electronics device. An exchange spring magnet is 
mentioned as an example of the material which may exceed the magnetic properties of the R-TM-B 
system magnet which has current and the highest magnet property. Magnetization of a hard magnetism 
phase fixes magnetization of a soft magnetism phase, and the coercive force of an exchange spring magnet 
discovers it by barring the flux reversal of a soft magnetism phase. In order to acquire sufficient coercive 
force, it is required that the soft magnetism phase and the hard magnetism phase are carrying out switched 
connection strongly and for the magnitude (particle size) of each phase to be nano level size. The 
manufacture method of this exchange spring magnet has a method in use of obtaining the polycrystal which 
manufactured the amorphous thin band with the super-quenching method, and the soft magnetism phase 
and the hard magnetism phase mixed by heat treatment. 
[0003] 

[Problem(s) to be Solved by the Invention] Since the magnet of the electronics device by which buildup of 
need will be expected from now on is asked more for small, lightweight-izing, and high performance-ization, 
still bigger magnetization than a current Nd-Fe-B system magnet comes to be required, and development 
for the cure or retrieval of a new magnet is advanced. This invention offers the outstanding hard 
magnetism thin film which has a big maximum energy product by having big magnetization, a rare earth 
system exchange spring magnet, and its manufacture method. 
[0004] 

[Means for Solving the Problem] permanent magnet which consists of super-fine crystal organizations 
which consist of a two phase of a hard magnetism phase and a soft magnetism phase Coehoorn etc. (J. 
dePhys.vol.49, p669 (1988)) etc. — Kneller etc. (IEEE Trans.Mag.vol.27, p3588 (1991)) etc. — it is proposed 
and is called an exchange spring magnet. This will acquire a high energy product by combining a large soft 
magnetism phase of magnetization, and a large hard magnetism phase of coercive force generally, and 
combining these magnetically by exchange interaction. Generally, if there is a soft magnetism phase which 
carries out switched connection to a hard magnetism phase in permanent magnet material, flux reversal will 
begin from a soft magnetism phase previously under an opposing magnetic field, and it will become the key 
factor of coercive force lowering. However, if size of a soft magnetism phase is held down to below 
magnetic domain wall width efface, ununiformity flux reversal under an opposing magnetic field will be 
controlled. Consequently, coercive force is mainly governed by the magnetic anisotropy of a hard 
magnetism phase, and lowering is suppressed. What is necessary is on the other hand, to raise a volume 
ratio of a soft magnetism phase and for that just to make size of one hard magnetism phase as small as 
possible, in order to obtain the higher flux density B from a soft magnetism phase. Although size of a hard 



magnetism phase should just be below magnetic domain wall width of face too, since it will become difficult 
to maintain coercive force if not much narrow, it is desirable to hold down to a magnetic domain wall width- 
oHace degree. Since magnetic domain wall width of face is estimated by pi(A/K) 1 / 2 (A:exchange 
SUTIFFUNESU constant, K: anisotropy energy), if a soft magnetism phase is set to Fe and a hard 
magnetism phase is set to Nd2Fe14B, it will be set to 60nm and about several nm, respectively. R. 
According to Skomski andJ.M.D.Coey (Phys.Rev.B48(1 993) p15812), in an exchange spring magnet, the 
volume ratio fh of a hard magnetism phase in case maximum energy product (BH) max becomes the largest 
is given by (1) formula in approximation, and a maximum energy product serves as (2) types at this time. 
[0005] 
[Formula 1] 

f *= ( 1 ) 
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[0006] Generally, to the anisotropy energy Kh of Sm-Co or a Nd-Fe-B magnet being about [ 107 J //m ] 
three, since muOMs 2/4 of soft magnetic materials, such as Fe, is about three 106 J/m, it should just have 
about 10% of volume ratios fh of a hard magnetism phase. Therefore, (BH) max serves as a form where the 
property of a soft magnetism phase mainly rules over, and slight amendment joins muOMs 2/4 
quantitatively. (2) When Nd2Fe14B is made into a hard magnetism phase and Fe is made into a soft 
magnetism phase in a formula, (BH) max=0.8 MJ/m3 (100MGOe) is expected at fh=10%. In order to acquire 
the above properties, it has magnetic association with a hard magnetism phase and a soft magnetism phase 
sufficient by contact interface, and needs to be controlled by magnetic domain wall width-of^face degree 
which each phase thickness mentioned above. It is thought that a cascade screen set as the object of this 
invention is the structure where such control may be realized most easily. 

[0007] A hard magnetism layer which consists of R-TM-NM-AD-X has a high possibility that will become, 
or switched connection with a soft magnetism phase will serve as [ an intermetallic compound containing 
rare earth ] imperfection being hard to generate, and coercive force will deteriorate, if corrosion resistance 
is bad and does not fully control oxidation. By applying a thin film technology, structure was made easy to 
control, and this invention person etc. raised coercive force, and hit on an idea by forming a protective 
coat for oxidation control by thin-filnrHzing to prevent lowering of coercive force. Therefore, this invention 
consists of a composite construction in which a hard magnetism layer and a soft magnetism layer carried 
out switched connection, and a hard magnetism layer with a thickness of 1nm - 700nm and a soft 
magnetism layer with a thickness of 1nm - 700nm are the hard magnetism thin films which are cascade 
screens by which the laminating was carried out by turns, this invention — setting — a hard magnetism 
layer — RaTMbNMcADdXe (inside of rare earth elements with which R contains Y — at least — a kind and 
TM — inside of Fe, Co, and nickel — at least — a kind — ) A kind and X of a kind and AD at least are kinds 
at least among boron, carbon, or nitrogen inside among aluminum, Zn, Cu, Ga, germanium, Zr, Nb, Sn, Sb, Hf, 
and Ta. NM — Si, Ti, V, Cr, Mo, W, and ** — 5 <=a<=18at% and 65 <=b<=85at% and 0 <=c<=20at% and 0 
<=d<=8at% and 0 <=e<=15at% — it has a presentation. A hard magnetism layer can make main structure 
any of CaCu5 mold, TbCu7 mold, Gd2Co7 mold or Ce2nickel7 mold, ThMn12 mold, Th2Zn17 mold, or the 
Th2nickel17 mold crystal structure, one, or these complex. It is desirable that magnitude of magnetization 
uses soft magnetic materials which are more than 1.3T in a room temperature as a soft magnetism layer. 
Moreover, this invention is the rare earth system exchange spring magnet which carried out the laminating 
of a soft magnetism layer with a thickness of 1nm - 700nm and the hard magnetism layer with a thickness 
of 1nm - 700nm. In this invention, in order to carry out switched connection of a soft magnetism layer and 



the hard magnetism layer, it is desirable to carry out the laminating of a soft magnetism layer and the hard 
magnetism layer by turns, and to consider as a multilayer. Moreover, it is desirable to form M layers (layer 
which consists of one sort or two sorts or more in Cr, Ti, W, Cu, V, Ta f FeMn, NiMn, NiO, FeO and CoO, 
Co-Pt, and Fe-Pt) in a front face of a multilayer which carried out the laminating of a soft magnetism layer 
and the hard magnetism layer, and to control oxidation of a soft magnetism layer and a hard magnetism 
layer. 

[0008] this invention — setting — a hard magnetism layer — RaTMbNMcADdXe (inside of rare earth 
elements with which R contains Y — at least — a kind and TM — inside of Fe, Co, and nickel — at least - 

- a kind — ) NM — Si, Ti, V, Cr, Mo, W, and ** — a kind and X at least at least a kind and AD inside among 
aluminum, Zn, Cu, Ga, germanium, Zr, Nb, Sn, Sb, Hf, and Ta inside of boron, carbon, or nitrogen — at least 

- a kind — 5 <=a<=1 8at% and 65 <=b<=85at% and 0 <=c<=20at% and 0 <=d<=8at% and 0 <=e<=1 5at% — it 
is desirable that it is the hard magnetism thin film which has a presentation. Especially as R, it is desirable 
to include at least one sort of Nd, Sm, or Pr, and a part of Nd, Sm, or Pr may be replaced by Dy. Thickness 
sets to 1-700nm a hard magnetism layer which consists of R-TM-NM-AD-X including any of CaCuS mold, 
TbCu7 mold, Gd2Co7 mold or Ce2nickel7 mold, ThMn12 mold, Th2Zn17 mold, or the Th2nickel17 mold 
crystal structure, one, or these complex, and its 5-100nm is more desirable, a hard magnetism layer — R - 

- coercive force sufficient less than [ 5at% ] — not discovered — more than 18at% — TM component — 
decreasing — (BH) — max and Br decrease. Addition of NM is effective for the crystal stability of a rare 
earth intermetallic compound, and becomes indispensable to formation of a ThMnl 2 mold crystal especially, 
however, more than 20at% — addition causes remarkable lowering of Br. AD has an effect in detailed-izing 
of crystal grain of a formed rare earth intermetallic compound, and equalization, and is effective for 
reservation of holding power. X — buildup of Br — effective — more than 15at% — (BH) — max and Br 
fall. 

[0009] Since magnetization of a hard magnetism layer which consists of R-TM-NM-AD-X is usually more 
than 1.3T at a room temperature, in order to acquire the predominance of an exchange spring magnet, in 
order to carry out to more than 1 .3T at a room temperature and to exceed the property of a R-Fe-B 
system magnet of bulk further, as for magnitude of magnetization of a soft magnetism layer, it is desirable 
to carry out to more than 1.5T. As soft magnetic materials beyond 1.3T, Fe:2T, Fe-Co:2.3T, and Fe~N:2.4T 
grade have the magnitude of magnetization in a room temperature. As for a soft magnetism layer, it is 
desirable to think from width of face of the magnetic domain wall, and for it to be referred to as 1-700nm, 
and to be referred to as 5nm - 500nm. Although a multilayer which carried out the laminating of a soft 
magnetism layer and the hard magnetism layer by turns is formed in order to carry out switched 
connection of a hard magnetism layer and the soft magnetism layer the order of a laminating — a soft 
magnetism layer, a hard magnetism layer, a soft magnetism layer, and even if it carries out a laminating 
to a soft magnetism layer a hard magnetism layer, a soft magnetism layer, a hard magnetism layer, and ... 
even if it carries out a laminating to a hard magnetism layer — a soft magnetism layer, a hard magnetism 
layer, a soft magnetism layer, and ... even if it carries out a laminating to a hard magnetism layer — a hard 
magnetism layer, a soft magnetism layer, a hard magnetism layer, and ... a laminating may be carried out to 
a soft magnetism layer, or any are sufficient. 

[0010] M layers (layer which consists of one sort or two sorts or more in Cr, Ti, W, Cu, V, Ta, FeMn, NiMn, 
NiO, FeO and CoO, Co-Pt, and Fe-Pt) are formed in the outermost side of a multilayer which carried out 
the laminating of a soft magnetism layer and the hard magnetism layer by turns, and oxidation of a soft 
magnetism layer and a hard magnetism layer is controlled. M layers may be formed in one of the two so 
that you may form all over the front face of a cascade screen and a multilayer may be inserted. Although 
an effect of oxidation control is acquired also by forming M layers between a substrate and a multilayer and 
in either on a cascade screen of a soft magnetism layer and a hard magnetism layer, by forming so that the 
whole surface surface or a multilayer may be inserted, oxidation of a soft magnetism layer and a hard 
magnetism layer can be controlled enough, consequently switched connection of a hard magnetism layer 
and a soft magnetism layer becomes strong, and a multilayer which was excellent in magnetic properties 
can be obtained. Moreover, an effect of preventing oxidation control of a soft magnetism layer or a hard 



magnetism layer and a reaction with a substrate is acquired by forming M layers on a substrate and 
carrying out the laminating of the multilayer of a soft magnetism layer and a hard magnetism layer on it. 
5nm - 100nm of thickness of M layers is desirably set to 5-20nm so that the function may not fully be 
spoiled, even if it forms an alloy or a compound by interface by counter diffusion with a hard magnetism 
layer or a soft magnetism layer which adjoins this. 

[0011] Since NiO, FeO, and CoO are antiferromagnetism insulating materials, if this is used as M layers; in 
addition to an effect of oxidation control, an effect of improvement in coercive force can be acquired by 
stopping flux reversal. Although an effect of improvement in coercive force can be acquired if this is used 
as M layers since FeMn and NiMn are also the antiferromagnetic substance, it is desirable to compare with 
other M layer constituents, and to form between a substrate, a hard magnetism layer, or a soft magnetism 
layer, since there are few antioxidizing effects. Moreover, since Co-Pt and Fe-Pt are ferromagnetic metals 
which have a strong crystal magnetic anisotropy, if this is used as M layers, in addition to the antioxidizing 
effect and an effect of coercive force buildup, they can also expect buildup of magnetization. 
[0012] Although it is desirable to form membranes at substrate temperature below 773K (500 degrees C) 
as for a hard magnetism layer in order to control oxidation at the time of membrane formation of a hard 
magnetism layer, a hard magnetism layer which consists of R-TM-NM-AD-X in that case has become 
amorphous, without crystallizing, and coercive force does not discover it. In this case, heat treatment is 
required in order to obtain polycrystal of a rare earth intermetallic compound. Since a compound will not 
crystallize heat treatment temperature if it is made below into 773K (500 degrees C), if coercive force is 
not discovered and it carries out more than 1073K (800 degrees C), coercive force will decrease rapidly, 
therefore, turbulence of a laminated structure by diffusion under heat treatment although 773K (500 
degrees C) to 1073K (800 degrees C) are suitable for heat treatment temperature — few — and ** — 
enough — 773K (550 degrees C) to 923K (650 degrees C) to generate are desirable. 
[0013] 

[A mode of implementation of invention] 

(Example 1) The inside of a vacuum tub of bipolar magnetron sputtering equipment was exhausted to 8x10 
- 4 or less Pa, and Ar gas was introduced, it was referred to as 8x10 to 1 Pa, and Ta film was first 
produced as M layers on the following membrane formation conditions by using Ta as a target. Glass 
substrate temperature of 25 degrees C and a shutter attached between a substrate and a target before 
membrane formation as RF charge power 200W were closed, and a reserve spatter removed an oxide on a 
target for 5 minutes. Next, a shutter was opened and 10nm of Ta was formed by membrane formation 
speed 1.3 micrometer/h. Next, membranes were formed so that SmCo5 might serve as a hard magnetism 
layer. Membrane formation conditions are RF charge power 200W, and performed a reserve spatter for 20 
minutes for scaling object clearance of SmCo4.5 target. Next, 10nm of SmCo(es)5 was formed by 
membrane formation speed 2.0 micrometer/h. Without breaking a vacuum succeedingly, high-frequency 
voltage was impressed to Fe target, and 10nm of Fe films was formed on SmCo5 and these conditions. 
Membrane formation speed is 0.3 micrometer/h. This was repeated by turns, a multilayer (ten laminatings) 
of SmCoS and Fe was produced, and, finally 20nm of V films was produced. A SmCo5/Fe multilayer 
protected by Ta film and V film which were obtained was heat-treated by 600Cx0.5h and 3x10-3Pa. 
Acquired magnetic properties were Br=0.95T, iHc=159 kA/m, and (BH) max=135 kJ/m3. Moreover, since 
the so-called springback which 75% of magnetization restores was accepted when a demagnetizing field 
equivalent to iHc was impressed to an obtained hard magnetism thin film and a recoiling property was 
investigated, it was checked that this magnetic film is an exchange spring magnet. 

[0014] (Example 2) 20nm of Ti was formed on a glass substrate, and a Sm-Co-Fe-Cu-Zr/Fe-Co multilayer 
(ten laminatings) was formed by the method as an example 1 that next it is the same. Finally 20nm of Ti 
was formed again. A hard magnetism layer is Sm (Cobal.Fe0.2Cu0.05Zr0.02)7, and a soft magnetism layer is 
a 70wt%Fe-30wt%Co presentation. An obtained multilayer was heat-treated by 600Cx0.5h and 3x10-3Pa. 
Acquired magnetic properties were Br=1.0T, iHc=120 kA/m, and (BH) max=155 kJ/m3. 
[0015] (Example 3) 20nm of Ti was formed by the method as an example 1 that it is the same on a glass 
substrate. Next, a membrane formation ambient atmosphere was changed to 5% of nitrogen, and Ar95%, and 



10nm of Sm2Fe17Ns3 was formed by the same method as an example 1. Subsequently, 10nm of Fe(s) was 
formed in this ambient atmosphere. A repeat Sm2Fe17N3/Fe multilayer (ten laminatings) was produced for 
this process. Finally an ambient atmosphere was changed to Ar and 20nm of Ti was formed. This multilayer 
was heat-treated by 500 degree-Cx3h and 3x10~3Pa. Acquired magnetic properties were Br=1.6T, iHc=530 
kA/m, and (BH) max=250.7 kJ/m3. 

[0016] (Example 4) The Sm(Fe0.85Co0.1 Mn0.05)1 7N3/Fe-Co multilayer was formed by the same method as 
an example 3. A protective coat of a multilayer was set to Cu20nm. Acquired magnetic properties were 
Br=1.4T, iHc=620.5 kA/m, and (BH) max=230.6 kJ/m3. 

[0017] (Example 5) A multilayer which has M layers and a hard magnetism layer which are shown in a table 
1 by the same method as an example 1 , and a soft magnetism layer was formed. Acquired magnetic 
properties are also shown in a table 1. Sample No.1, a thing for which 2 and 4 used a ThMn12 mold 
intermetallic compound as a hard magnetism layer, and No.3 use Sm2Co7. 
[0018] 
A table 1] 



I* 
ft 

Do 






1 fl£ 




Br 
(T) 


m & # 
i H c 

ttA/a) 


r (BH)nax 
(RJ/i 3 ) 


mm 






urn 


1 


V 


NdFdcVa 




Fe 


V 


1.2 


475. 3 


2 10.3 


2 


w-v 


NdFenTi 




Fe 


W-V 


1.25 


350. 6 


223. 8 


3 


Cu 


SasCo? 




Fe-Co 


C u 


1.0 


506. 5 


170.4 


4 


C r 


NdFeioVTi 




Fe-Co 


C r 


1.25 


440. 7 


225. e 



[0019] (Example 6) A multilayer which has M layers and a hard magnetism layer which are shown in a table 
2 by the same method as an example 1 , and a soft magnetism layer was formed. Acquired magnetic 
properties were also shown in a table 2. 
[0020] 
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[0021] 

[Effect of the Invention] By this invention, magnetization is large and the outstanding hard magnetism thin 
film and outstanding exchange spring magnet which have a big maximum energy product are obtained. 
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1. 3T£^±T**»*aife^b3 0litJn*WC|3% 
©*imt!fe*Bi. 

K. 

[§fjR3S6] JPS 1 nm~7 0 0 nm©ffiGBttll£JS 
£ 1 nm~7 0 0 nm<D&M&m£tf$zKlzmmZtltz 

[gf*^8] *«±fc, 7 7 3K (5 0 0t) KTO 
gSu&glT, «C««II&. SStti^<ifelltt 
±Jj£&L£:&. 773K (5 0 0 "C) ~1 0 7 3K (8 
0 0*0 ©iBlTMtSCt^^Siit^^^ 

[0 0 0 1] 
[0 0 0 2] 

Sift. M©i5»ttS#t5R-TM-B3R150i 
>$fB5**¥tf 6n*. 5C*X^U>^«SO«« 



(2) 

2 

Bttffl©«<bKte*tttf*;:£fcJ:-aT5fi£-r*. 

uug^-LT^s^tt. -5-n-^nwffl©:*:^;* (tig) 
XT?**^t**^R7f»*. £©xm 

' [0 0 0 3] 

Sft*xu* hnx*;*a»©«EK:ttJ:D/.hS. ttS 
0. *©»JR©fca©M***V»tt«rLW8E©8S»a« 

«■*-**>©■?**. 

[0 0 0 4] 

20 [siH£*?ft"r*fc»'©^aj ffi«ttffit*«ttffl©x 

ffl3^6&*a«JBISft»l»T«riESn«*^«5tt Coe 

hoorn ^ (J. dePhys. vol. 49, p669 (1988)) ^ Kneller 
# (IEEE Trans. Mag. vol. 27, p3588 (1991) ) tioTI 

-«fc«fb©*#^tt«ttffi£««a®**^««ttffl 

<hTi«^X*;i^-«£#£5<h^-5t>© 
30 «flsKC*tJ6SD. ««*teT©^SHt3fc*. 

T»r*tts^is— WbK*K3W«nwan«. -t-©ig*. ft 
«*»±c««ttffl©«aji*ttK:3EEsnfiTtt«iA 
ens. «t«ftffl*>6«fcDK^«*e«Bfi»* 
«c«ttffl©#«it*±»f*^ii*«*o, £<o 

««ttffi©tf^XfcmiD«ttfi£rFT*n 

40 (A/K) 1/2 (A:3?»XT>f7 7*^fiR. K : g| 

. Fe, ««ttffi*Nd2Fel4Btr*a:. *-ft-£n6 
0 nmi5j;tf8cnmgK.i:&S. R. Skomski andJ. M. 
D. Coey (Phys. Rev. B48 (1993) pl5812) K«k* tXlftX^ 
U >^5tC^l^T> *^CX^.;U^-« (BH) max** 
«t>*:*<a;*itr©ffl«ttffi©#ajt f httifi<HWlc 

(1) ST#A5n, £©i#**x*;Ms-«tt 

(2) atfts. 
[0 0 0 5] 

50 1 ] 
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(3) 



f 



4Kh 



(1) 



tfoM. 2 /to(M.-MOM. 
(BHD ..,= (1 ) 



2K, 



(2) 



(M h : ffiBatt*g©«Ht) 

[0 0 0 6]— J&fc, Sm-CoWd-Fe-BI5 
©B£«g£ttX*;i/^-Khtel 07J/m3ggT&3 
©fc»U F e<ff©l*«tt#©tf0»is2/4ttl 06 J/ 
m3S*-C*5©T. ««ttffl©(M*Jt-f htt 1 0%lg 
*fttf«kV»j:££&S. ftr>T, (BH) iaxtt£fc:tt 

. ft«IEj&*JlO*)*»t3ft4. (2) Jlci^TNdiFel 
4B<£*«ttffi, Fe£tt«ttffifcb&»^fctt. fh= 
10%T> (B H) max= 0 . 8MJ/m3 (10 0MG 
Oe) ilWfgni. BUiCi-SttWttfcWSKtt, M 

[0 0 0 7] R-TM-NM-AD— Xa>5&£®fi8tt 

AfflfiT4Ri<itt8aLt. LftAbT, *5691 

15 1 nm~7 0 0 nm«ilttltl$ 1 nm 
-7 0 0 nm©tt«ttBi#XSfc«H£ftfc«0RT? 

RaTMbNMcADdXe (RteYfc^tMfHJSTcPil©? 
■S4>£< ffi, TMUFe, Co, Ni(0-5^'M 

< £*>— ffl, NMttS i , T i , V, C r , Mo, W,- 
(Do*>'Pfr< tb— 9> ADIiAl, Zn, Cu, G 
a, Ge, Zr, Nb, Sn, Sb, Hf, Ta©5^ 
4>£<<h*>-a, K**fctta*©-5*r< 
&<it-iT, 5^a^l8at%, 65^b^85 
atl 0^c^20at%. 0^d^8at%, 0^ 
e ^ 1 5 a t %) ^-SSfi^SrWr-S. BEflSttSta, C a 
Cu5S!, TbCu7S!, Gd2C o7S!*5^ttC e 2N 
17S. ThMnl2Sk T h2Z n 171!»5^ttT h 2N 

i i7Stea«ifi©wn3i»— 3*4Vij4nn6©ffl^#s 

Dtittitixit site© 



7 0-0 nmOftSttl^itff $ 1 nra~7 0 0 nm© 

14S^«Bbfc^SK©*iStMB (C r, T i , W, 
Cu, V, Ta, FeMn, NiMn, N i O, Fe 
O, CoO, Co-Pt, Fe-Pt©^l|SfeB 
2«6t±i>&fc*Ji) S»J«U. tMttii«fittlO 

[0 0 0 8] #5fi9iK:*HT, RaTMbN 
McADdXe (RteY£^trit±gl7C^t© 5 £ 
fe— S, TMBFe, Co, N i <T>o%'PU< tfc — 
a> NMliS i , T i , V, C r , Mo, W, <Do*>'J> 
&<£*>— a, ADIiA I , Zn, Cu, Ga, Ge, 
Zr, Nb, Sn, Sb, Hf, Ta»^'>&<ife 
-8, Xtt, 01%. KiKSfcttSESlSWi'M^SX t*> 
—ax-. 5^a^l8atl 65^b^85at%, 
0^c^20at%. 0id^8atX, 0^e^l5 
so a t %) &S«j*S*-r-5K«tt»BlT*<5Ct*«a* 
Ll/^c RtLtll 4#K:Nd, SraJfcllPr©'>&< 
i*>iatSr^trct**ai*b<, Nd, SmS&ttPr 
©-g&SrDyTa&LTfcJ;^. R — TM — NM — AD 
-XA>Sfr-5««ttJiM:. CaCu5I, TbCu7i, 
Gd2Co7S&5WiCe2N i 7g, ThMnl2^, T 
h2Znl7S!**littTh2N i nmf£&m&<DMnfr— 
^S-Sliliin^ffll^m, l«JPtel~7 0 0 n 

«. Rfl*5 a t xaTTH+»ft«i**«588-&f. 1 
40 8 a t%£i±THTM^AW>bT (BH) maxt 
B ri«»'>t5. NM©^jtate3&±^&JSP B m •&*&©*£ 
fl5fcJ£ttW»*WT»D, *KThMnl2S!ilS*©»J« 
fctt^l»rfci&*. fib, 2 0 a t XBUtSfebirrstB 
r©¥LWttT*JB<. ADJ4»j«*nfc»±S&KW 

ib#*©»ftfi©«ifflfl:. fbcsa*^* t)««f*© 

«fitfcSai*We*«. X«B r ©if*KS&*«T*?>. 
1 5 a t %J^±Ttt (BH) maxtB r jW&TI" 5. 
[0 0 0 9] R-TM-NM-AD-X*^JS5fgtt 
■ ©fflfctt^flTS*! . 3T£JLtT»*fc*. 55^7. 

so y»j>if«E©«(itt*#*fc»tct4, Hkmamcomfc 
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5 

Fe-B*85©#tt*±lEl-5fctt. 1. 5T£J[±it 

a©j&»ssLi». ^\z&tf2>mit<D*%ztfi. 3t 

H±0*8tt«»tl/TJ4. Fe:2T, Fe-Co: 
2. 3T, Fe-N: 2. 4T*sG«»<&. tMBttMtt:. 
^(Dm&O^fr^Z-T. l~7 0 0 nmtU, 5 nm 
-5 0 0 nrnftZZtifittlsK. attttJB&KfiBtt 

ttJi, MttttJl. ««&JI. • • • WIi«IbT 
%>, ttBttll. ttffittfl. • • •WMftmt 

aiLTt, amtte, tuB&ji. • • - «c 

[ooio] mm^mtmm^m^mzmmhrz^m 

^©ft^ffilCMH (Cr, Ti. W, Cu, V, Ta, 
FeMn, NiMn, NiO, FeO, CoO, C o - 
Pt, Fe-P l«**:tt2a£Jl±*»S&'S 
/■) £J£fi£U (M81£JR£«&ttM©Kfc&»ft!|-r-S. 
MIS, «»K©affi±®fc#JfcLT-'b«}:lr»U ^BH 

2:Str<t3ic, sfcttM-*Jc»j*bTt>«kv». Mia. 
sst, £juk£©n. &&zmm&mtmm&nt.<D 
a«K±©v^n^— *K»jsic-r * - 1 k «t o t *>BMb 

ttJ: o \ZMf$.?Z> Z. t \z£ 0 ttJSttJl £KttttJ|©Kft; 

± t Dcmss tmm&mo&mm &mm-r z> z. t \z <t o 

T, #c»ttJi*fctt««ttH©»fbWIH*J:tf»R£© 

iliW&^i'St;: 5 nm~ 1 0 0 nm. S3; 
b< «5~2 0 nmtt§. 

[0011] NiO, FeO, C o OttS&fiBttffi&tt 

iSIimS. FeMn, NiMni^lMt 

jfcJjWUa^fc^©!?, UStSIttliftfJWttlt 
©MK»j*-r4i:t3&«a*U^. Sfc. Co-Pt, F 

e-p u*3*v>tefi«a»;frtt£^ta3fi«tt£JRTa 

*Jt*©»*k:linAT«fb©i»*fc83fre€r-a. 
[0012] ««ttH©j*Ki$©fcfb£aiiw-r«fc«>. 

««ttJItt7 7 3K (5 0 0t) RT©S«iSSTfi£H 
T5££rtW£bU#, f©S&R-TM-NM-AD 
- X*»&fcS««teJIttlgft{birf £7^:7 7 X £fc 



(4) 

SiSStt7 7 3K (5 0 0*C) &CFlZ~$rZ> h1ta%l1) i ff& 
fifcbfcV»©T#«;&j&<B£li-?\ 1073K(800 

■c) £t±c-r*t««*3&«ai»K«^'r*. 

T, ft&fflgiSgte 773K (5 0 0 1) 4>51 0 7 3K 

(soot:) #jgST?**j&». SKMffi3*©ffi«K:j:*« 
■«js<oanjj»^a<. *ojj«+»*jsfe-r*, 773K 

(5 5 0"C) *69 23K'(6 5 0*C) Hfi&&X,W 
10 [0013] 

S8X10-4PaaTCftaU A r #7. $:#Al/T 8 
xlO-lPatU SrfTafc?— htbTfiTF© 

S2 5 t C > SnSSAlA2 0 OWtbTJiERIKIKSt 

£.9—>fv MWtSO^ttsnfci'irs'^— *EBUT5 

bfc. *t->tyi'-*»*tT, JftRftftl. 3 um/ 
20 hTTa^l0nm^Sl/fc. SmCo5« 
t$B<hft-5«fc5f£l]Ibfc., J&Sfl&ftte, iSfflifcKA** 
2 0 0WT, SmCo4. 5 &—¥y b<D 
£<Dtc»b2 Oftffl^mxAyf&'ir-Dtz. SraC 
o5$rfiKK3Sg2. 0/im/htlOnmMbfc. 51 

^uT^ssssftc. f e $>— ?v hiziKm®.mi±. 

.^EPJlIbTSmC o 5ti^frTFei5: 1 0 nmfifcil 
bfc. fommmZO. 3/im/hT^. Itl^IC 
iliOjlbT, SmCo5iFe©#II OKJIgclO) 
«f^«b. *acVKS2 0 nmiffllft. #6fl&T 
so aiMtfVltSI^tlfcSmCo5/Fe#li?: 
6 0 0 CX0. 5h, 3 X 1 0-3P aTlifflilfc. # 
^n/i«g1ttt(iBr = 0. 95 T, iHc = 159k 
A/m, (BH) max=13 5kJ/m3fi&ofc. 
Sfc, »6nfcSe«tt*HtK: i He \Ztt%T 
EPJPbTU n-rMttftH^fci^^lfto 7 5 %ifi9L 

5, Zl©«ttBt*«5?Sl^^'J>^«5Ka-3T^*J:i: 

[0 0 14] (5W£0«2) #57.S*±(;:T i £2 0 n 
40 mjftMU ^icaUfim iM#©#ffiT?Sm-Co-F 
e-Cu-Zr/Fe-Co« (fllJIftlO) 
Rbfc. ft^:lrW«T iS20 nnuSRl/fc. 
liSm (Cobal. FeO. 2CuO. 05Z r 0.02) 7, 
l41IJ7 0wt%Fe-3 0wt%Co«T^. ft 
enfc#HBi^6 0 0 CX 0. 5h, 3X10-3PaTr 
«!fflll/fc; »6nfc«SM*ft«B r = l. 0T, iH 
c = 120kA/ra, (BH) ma x= 1 5 5 k J /m 

[0015] mm&iz) fiyxm^izmm&ii tm 

so tSW^TT i £2 0 nmfifclglbfc. ^(Cfi'c'llSH^Sr 
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(5) 



om 5 %/ a r 9 5%t\z^vmm&n tmm^m 

TSm2Fe 1 7 N 3 £ 1 0 nm^Itfe. #t,>TI^» 
ISTF e * 1 0 nm^iLL #:/n-fe7.£i£i9>EL 
Sm2 F e 1 7N3/Fe^II (ilKl 0) £f£§S 
hfc. ft^{C#Ha^Ar{C«J0#AT, Ti£20n 
m^mhtco ^mm^SO 0X:x3h, 3X10-3P 
aTHWMLt. mt>nrzM%&m$B r = l. 6T, 
iHc = 5 3 0kA/m, (BH) max = 250. 7 
k j;/m3T£oTcr" " 

[0016] mmmA) trat©«sm 

(FeO. 85CoO. lMnO. 0 5) 17N3/F 
e-Co#iI^ltfc. #JfM<Z>ftKKttCu 2 0 * 



8 

*nmtl/ft. »6nftl«»ttttBr = l. 4T, iH 

c = 6 2 0. 5kA/m, (BH) ma x = 2 3 0. 6 

[0017] (*M09 5) HMm fcH«©3&ftT*l 
fcjR-TMH. SsmttB, ttttttJI&4rf*$-SII)!£j£Bt 

1, 2Rtf4tt««ttHfcLTThMnl2S!&fi™fl;#' 

tjSrfflt^fcfctfX No. 3ttSm2Co75ffl^fcfcOT 
' £5. ' "~ "~ '"' " " ■ " 
i [0 0 18] 
[«1] 



K 

No 




IS 12 


ft 






m a # 




Br 1 

m 


r ilfc 


(KJ/i 3 ) 


urn 






MS 


1 


V 


NdFe.tVr 




Fe 


V 


1.2 


475. 3 


210.3 


2 


w-v 


HdFenTi 




Fe 


W-V 


1.25 


350. 6 


223. 8 


3 


C u 


S112C07 




Fe-Co 


C u 


1.0 


506. 5 


170.4 


4 


C r 


KdFeiaYTi 




Fe-Co 


C r 


1. 25 


440. 7 


225. 6 



[0019] mtfcM 6 ) mmm 1 1 mm^mx-m 2 



20* 



[0 0 2 0] 

[a 2] 



No 


3 J§ R 


4H £ ft & 


Br [I He [(BrOwx 

(T) \(kk/m) j(KJ/ 0 ') 
1 1 


KtiU 






me 


5 
6 


Co-Pt 
Fe-Pt 


NdoFeerCooAli a. sCao. &B 

S«(Cod. rsFeo. eCuo, o&Zro. 010)7, s 


Fe-Co 
Fe-Co 


Co-Pt 
Fe-Pt 


, j 

1.3 j 1070.8 j 207.5 

1.4 ! 1175.8 I 240.3 
* 1 



[0 0 2 1 ] *x*;^— «*:&T*«n&««tt»»fiJ:tf3afcx 

[fgnj©x&S] ^HJKcfct), «fo&«:*:*<, 30 ^U->^«5**#6ti*. 



